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Abstract—Effect of yohimbine, a specific antagonist lor presynaptic adrenoceptor, on the renal action of cloni-
dine, a specific presynaptic adrenoceptor agonist, was investigated in dog. Clonidine, when given intravenously,
produced diuretic action accompanied with augmentation of osmolar and free water clearance (Cosm and
Cugo), and elicited the increase of amounts of sodium and potassium excreted in urine (En, and Eg). These
actions of clonidine were inhibited by yohimbine either injected intravenously or infused into a renal artery.
Clonidine, when infused into a renal artery, produced antidiuretic action accompanied with decreased of glome-
rular filtration rate (GFR) and renal plasma flow (RPF), and exhibited the reduced amounts of sodium and
potassium in urine. These actions of clonidine injected into a renal artery were blocked by yohimbine adminis-
tered either into vein or into a renal artery. Above results suggest that yohimbine block the renal action
of clonidine only in central system, do not in kidney.
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Table I. Effect of clonidine (15.0 wg/kg, [».) on renal function of dog

Time Vol GFR RPF Cosm Ciro Ena Ry Ex Rk
(min) (ml/min) (mi/min) (ml/min) (uE,/min) (%) (uE/min) (%)
0~10 2.25 69.9 127.5 2.82 —0.57 365.2 96.0 425 84.8
100~20 2.20 70.9 128.6 2.82 —-0.62 355.0 96.6 44.7 850
Clonidine 15.0 ug/kg, iv.
200—30 4.00 69.8 127.1 4.60 —-0.60 605.2 94.0 60.0 80.9
30" ~40' 4.80 66.2 123.8 5.06 —0.26 607.2 93.7 811 72.8
40" ~50’ 5.00 71.2 125.6 5.05 —~0.05 5775 94.5 94.0 70.9
50°~60 5.60 72.1 130.8 5.72 -0.12 631.7 94.0 109.0 66.3

Male dog, 14.0 kg. Vol: urine flow rate. GFR and RPF: glomerular filtration rate and renal plasma flow, resp.. Cosm and Cuyo; clearances
of osmolar substance and free water, resp.. Ex, and Ex: amounts of sodium and potassium excreted in urine. Ry, and Rk: reabsorption

rates of sodium and potassium in renal tubules, resp.
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Fig. 1. Effect of clonidine (1.b ug/kg) injected inlo a renal
artery on renal function of a dog.

®—®; experimental kidney, O—O; control kidney. Abbrevia-
lions as shown in Table I
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Table II Effect of yohimbine (0.5 mg/kg, iv.) on renal function of dog

. Times Control 0'~10' 10'~20
Parameters T
Vol (ml/min) 3.62+0.37 2,28+ 0.30%** 2.25% 0420+
GFR (ml/min) 432+ 1.66 38.8+2.06 43.1% 2.46
RPF (m!/min) 102.0£8.14 97.1£ 215 109.7+ 4.94
Cosm (m//min) 3.92+0.26 2.84+0.13 3.0810.33
Cuyo (ml/min) —0.31£0.12 —0.56%0.17 —0.83£0.09
En. (uE./min) 468.0+ 54.96 310.9+ 34.86%** 326.1% 45.79%**
R (%) 926x 1.12 944+ 0.89** 94,7+ 1.01**
Ex (uE,/min) 381+ 197 27.8+1.48* 26.8+ 3.20%
Rk (%) 819+ 172 85.3+ 1.54* 85.6+ 2.30*

Mean+ SE. from 6 experiments. *=p<0.05, *=p<0.02, ***=p<0.01. Abbreviations as shown in Table L



154

aMEf - & ol

ful}

Table IIL. Effect of yohimbine (1.0 pg/kg/min, for 10~30 min) infused into a renal artery on remal function of dog

. Time Control 0~ 10 10~20'
Parameters
Vol (mi/min) E. 1.72+£0.21 1.60+ 0.15 151+ 0.12
C. 1.52+ 0.05 142+ 0.02 1.36% 0.05
GFR (mi/min) E. 14.1+ 2.62 141+ 229 13.9+ 2.17
C. 114.7+ 2.74 14.2£ 2.61 13.9+ 243
RPF (mi/min) E. 3531421 35.6+ 3.63 355X+ 3.74
C. 351+ 3.91 35.7+£3.84 34.6+ 3.54
Cosm (mi/min) E. 1.60+ 0.20 1.33£0.10 1.49+ 0.09
C. 1.53+0.12 144+ 0.12 1.50£ 0.08
Cupo (m//min) E. 0.12+0.14 0.27% 0.09 0.01£0.14
C. 0.01+0.20 —-0.02+0.12 —0.14+0.10
En, (UE/min) E. 174.8+ 24.77 169.7x 22.08 163.2+ 16.59
C. 171.1% 14.57 163.9+ 16.20 161.6+ 18.05
Ry (%) E. 91.3+ 1.28 914+ 1.78 915+ 1.09
C. 90.1+ 2.50 90.2+ 242 903+ 2.26
Ex (uE./min) E. 17.8+ 2.19 17.1 1.54 8168+ 1.59
C. 174 1.97 17.14 2.52 17.2+ 2.79
Ry (%) E. 731t 220 739+ 290 73.6x 3.49
C. 731+ 3.77 72.2+ 4.89 715+ 5.21

Mean+ S.E. from 6 experiments. E and C: experimental and control kidney, resp.. No significant differences were observed between
control and experimental results in all cases. Abbreviations as shown in Table L

Table IV. Effect of yohimbine (0.5 mg/kg, i».) on the renal action of clonidine (150 wg/kg, iv.) in dog

—

T~ Times Control 0~10° 10 ~20’ 20~ 30’ 30~ 40’
Parameters
Vol (ml/min) 9,97+ 0.36 313+ 0.59* 3.25+ 0.56%** 355+ 0564+ 3.35% 0.60%**
GFR (m//min) 41.0+ 2.26 449+ 195 395+ 2.48 40,1+ 246 39.14 1.30
RPF (ml/min) 1034+ 3.55 110.6+ 5.97 112.0+ 595 108.8+ 7.60 98.9+ 4.70
Cosm (ml/min) 296+ 0.23 401+ 041+ 379+ 0.18* 4,04+ 0,10%* 381 0.23*
Cio (m//min) —0.70£ 0.13 —0.89%0.19 —0.54% 0.38 — 049+ 0.46 —0.46+ 0.37
Ex. (uE/min) 318,51 40.33 433.1+ 43.16* 459.1: 34,19+ 503.0+ 26.01*** 479.9% 39.50%
Rya (%) 94.6+ 0.95 934+ 0.94 93.5+ 1.07 92,54 0.78%* 92.4+ 0.85%*
By (uE,/min) 28.8+ 2.34 331+ 2.10*% 35,12 201+ 39.0+ 250 380+ 2,77
Rk (%) 855+ 1.92 84,9+ 161 83.9+ 1.79%* 82,4 2,03 81.6+ 1.88%*

Mean+ S.E. from 6 experiments. Abbreviations as shown in Table I and IL
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Table V. Effect of yohimbine (2.0 mg/kg, is.) on the renal action of clonidine (15.0 ug/kg, i».) in dog

Time Vol CFR RPF Cosm Cheo Exa Rua Ex Rk
(min) (ml/min) (ml/min) (ml/min) (uE/min) (%) (4E4/min) (%)
0~10 3.35 403 95.0 2.69 0.66 201.8 90.3 329 66.4
10°~20° 3.30 39.1 95.8 2.81 049 280.5 89.9 33.0 65.4
Clonidine 15.0 g/kg, iv.
200~30° 3.50 41.3 98.9 2.71 0.79 304.9 90.2 34.3 66.8
30" ~40' 345 392 97.5 277 0.68 3154 89.3 36.3 63.0
40" ~50 315 36.1 96.1 2.52 0.63 294.6 89.1 36.3 59.7
50"~ 60 2.65 36.0 99.2 225 0.40 242.2 91.1 371 53.8

Data from expt. No. 499. Abbreviations as shown in Table L

Table VI. Effect of yohimbine (1.0 wg/kg, min, for 30 min) infused into renal artery on the renal action of clonidine (15.0

ug/kg, iv.) in dog

Time Control 0~10 10~20° 20"~ 30’ 30'~40°
Parameters
Vol (ml/min) E. 1.55+ 0.14 1.30% 0.10 155+ 0.10 1.50+ 0.07 146+ 0.03
C. 161+ 0.08 139+ 0.13 1.63+0.15 1.60+ 0.10 1.53+ 0,09
GFR (m//min) | E. 167+ 2.36 16.3+ 252 17.24+ 2.20 17.1: 2.42 16.9+ 2,01
C. 180+ 1.88 17.2+ 1.80 17.7+ 1.04 183+ 164 17.1+ 1.52
RPF (m//min) | E. 408+ 7.05 39.3+7.35 402+ 548 413+ 728 42.0+ 7.08
C. 42.1+ 599 415+ 6,07 415+ 549 420+ 6.03 405+ 5.08
Cosm (ml/min) | E. 168+ 0.11 142+ 0.15 152 0.12 156+ 0.12 169+ 0.18
C. 179+ 0.08 167+ 0.25 1.68+ 0.09 171+ 0.10 1,66+ 0.06
Cipo (ml/min) | E.  —0.13+0.04 —0.12£ 0.03 0.04£ 0.07 =006+ 0.09 —023£0.15
C.  —0.18%0.08 —0.28+ 0.06 0.05 0.11 —0.11£ 0.09 —0.14+ 0.07
Exa (uE¢/min) | E. 214.0+ 19.66 185.0+ 22,58 199.2+ 19.99 201.7:+ 22.30 209.3+ 17,54
C. 2382+ 17.18 210.7+ 17.01 995.8+ 20.96 933.1+ 24.74 296.5+ 17.89
Ry (%) E. 91.1% 0.80 92.3+ 0.69 92.1+ 0.56 91.8+0.75 01,4+ 0.96
C. 91.0+ 0.52 91.8+ 0.48 915+ 052 915+ 0.45 91.6+ 0.79
Ex (uEq/min) E. 9255+ 2.89 239+ 340 96.5+ 343 27.9+2.94 983+ 231
C. 98.0% 2.99 26.0+ 3.29 309+ 4.07 317+ 324 31.6+ 2.96
R (%) E. 685+ 1.96 69.0+ 2.67 68.9+ 1.94 65.6+ 3.88 65.3% 3.09
C. 68.2+ 3.00 69.2+ 345 64.3+ 529 63.6+ 548 62.1% 4.59

Meant SE. from 6 experiments. No significant differences were observed between control and experimental results in all cases.

Abbreviations as shown in Table I and IIL
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Table VII. Effect of yohimbine (1.0 ug/kg/min, for 10 min) infused into renal artery on the renal action of clonidine (15.0
ug/kg, iv.) in dog

Time Control 0~10 1020’ 20~ 30 30"~ 40
Parameters
Vol (ml/min) E. 176+ 036 1.44+ 030 1.63+ 0.35 146+ 033 146+ 033
C. 205+ 0.34 173+ 023 1.91 0.30 178+ 0.34 1.84+ 0.36
GFR (m//min) | E. 13.1+ 2,52 12.2+ 2.52 12.24 2.52 12.1+ 2.62 121+ 2.49
C. 16.4+ 332 132+ 3.05 13.0+ 3.01 15.1+ 348 15.7+ 357
RPF (ml/min) | E. 299+ 6.68 27.4% 6.70 28.1+ 6.51 295+ 7.15 314+ 7.70
C. 335 6.99 30,9+ 647 35.2+ 7.02 353+ 7.08 37.1+ 7.56
Cosm (ml/min) | E. 1.50+ 0.33 124+ 027 1.28+ 029 1.26+ 028 1.33+ 031
C. 2.15+ 0.39 1.74+ 030 1.76+ 0.35 178+ 0.35 1.92+ 0.33
Cio (mi/min) | E. 0.26+ 0.08 0.20%+ 0.07 035+ 0.08 021+ 0.12 0.13+ 0.12
C. 0.10+ 0.12 —0.02+ 013 0.15+ 0.13 0.00+ 0.00 —0.09 0.10
Exe (uEg/min) | E. 172.4+ 4521 1446 28.77 138.8+ 38,68 162.8+ 38.68 1621+ 47.12
C. 947.7+ 5447 212.2: 42,49 208.5+ 46.60 208.8: 45.44 234.0 53.89
Ry (%) E. 91.6+ 1.10 92,5+ 0.80 92.7+ 0.86 92,8+ 0.60 91.9+ 1.05
C. 884+ 2.13 86.8+ 298 869+ 2,38 88.7+ 2.05 88.6+ 143
Ex (uEy/min) E. 17.6+ 3.88 147+ 2.78 156+ 3.98 17.9+ 428 20.0+ 4.91
C. 24.6+ 5.74 203+ 4.99 245+ 7.01 275+ 6.99 30.6% 7.61
Rx (%) E. 732+ 1.87 74.8+ 166 73.9+ 3.06 705+ 2.00 68.3+ 2.56
C. 68.0L 4.32 59.3+ 6.75 55.1% 8.79 580+ 6.51 8.8+ 5.48

Meanz* S.E. [rom 6 experiments. Abbreviations as shown in Table I and III

Table VIII. Effect of yohimbine (1.5 mg/kg, i.».) on the renal action of clonidine (2.0 ug/kg, #2.) injected into a renal artery
in dog

Time Control 0'~10 10'~20' 90"~ 30’ 30'~40’
Parameters
Vol (ml/min) E. 1.88+ 0.30 1.88+ 0.30 1.90+ 0.25 1.88+ 0,19 1.90+ 0.18
C. 1.68+ 0.37 168+ 0.37 168+ 0.32 1.65% 0.29 165+ 027
GFR (m//min) | E. 204+ 159 204+ 159 19.6+ 123 192+ 127 19.3+ 1.49
C. 20.1+ 1.63 20.1% 1.63 188+ 1.86 189+ 1.68 184+ 1.30
RPF (ml/min) | E. 407+ 291 40.7+ 291 39.4+ 2.48 406+ 329 42.0+ 3.64
C. 38.9+ 2.33 38.9+ 2.33 36.7+ 2.46 38.9+ 3.15 40.9+ 3.06
Cosm (ml/min) | E. 153+ 0.35 153+ 0.35 123+ 0.45 1.63+ 0.26 171+ 0.25
C. 144+ 041 144+ 0.41 151 0.40 160+ 0.37 1.65+ 0.37
Cso (ml/min) | E. 0.35+ 0.04 035+ 0.04 0.67+ 0.20 0.25+ 0.07 0.19+ 0,07
C. 0.24+ 0,04 0.24+ 0.04 017+ 0.07 0.05+ 0.08 0.01 0.01
Exs (uE/min) | E. 206.6+ 62.70 206.6% 62.70 209.7+ 55.25 994.0++ 4848 238.9+ 50,54
C. 201.8+ 73.66 901.8+ 73.66 208.8+ 70.84 915.7+ 67.48 2279+ 67.01
Ry, (%) E. 93.9: 1.59 93.9+ 159 93.3:+ 1.48 92,6+ 121 92,2+ 1.14
C. 94.1+ 1.99 94,1+ 1.99 935+ 1,90 93.2+ 1.79 92.4+ 1.88
Ex (uE,/min) E. 209+ 2.88 209+ 2.88 929,24+ 1.79 22.8+ 112 925.2+ 0.85
C. 20,2+ 3.29 20.2% 329 20.5+ 2.66 21.8+ 2.37 26.8+ 3.15
Ry (%) E. 80,1+ 1.27 801+ 127 77.4£ 0.40 761+ 0.40 734£1.19
C. 805+ 1.69 80.5+ 1.69 784+ 0.76 77.24 049 71.5+ 1.41

Mean* S.E. from 6 experiments. Abbreviations as shown in Table I and IIL

ZgA =gt Aok A alolv} dz e A= veh}x] 9531 yohimbine 1.0
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Table IX. Effect of yohimbine (5.0 ug/kg/min, for 40 min) infused into left renal artery on the renal action of clonidine

(2.0 ug/kg) injected into left renal artery in dog

P Time Control 0~ 10 10°~20° 20'~30’ 30"~ 40’
arameters i
Vol (ml/min) E. 2,68+ 0.32 240+ 0.22 2,48+ 0.26 243+ 0.23 9,354 0.20
C. 2,88 0.55 2.80% 0.49 9.75% 0.45 2.75+ 0.42 2,68+ 0.37
GFR (ml/min) | E. 99.8+ 0,13 21,8+ 0.04 91,8+ 0,27 92.3+ 0.04 92,2+ 0.04
C. 9364 0.31 234+ 0.09 92,6+ 0.04 29,9+ 0.27 24,4+ 0,18
RPF (m//min) | E. 62.5% 1.03 62,5+ 4.74 60.0 1.05 62.7+ 2.68 64.8% 2.82
C. 6214 143 60.5% 0,78 59.9+ 1.01 62.6% 2.59 67.2 2.68
Cosm (m//min) | E. 248+ 0.17 2,334 0.08 248+ 0,14 239+ 0.15 246+ 0.15
C. 2,66+ 0.29 277+ 0.28 2.82+ 0.30 296+ 0.35 2,824 0.26
Cio (ml/min) | E. 0.20+ 0,15 0,07+ 0.14 0.00+ 0,00 0.04+ 0.09 —0.11% 0.05
C. 0.22+ 0.26 0.04% 0.22 —0.07+0.14 ~0.14% 0.08 —0.14+ 011
En, (uE/min) | E. 245.0% 2621 2235+ 18.63 239.2+ 22.07 933.0% 23.79 2348+ 20.10
C. 975.1+ 44.56 270.4+ 3851 270.8+ 32.20 982.3+ 33.79 9751+ 33.36
Ry, (%) E. 92.9+ 0.74 91.7+ 127 92.6% 0.76 93.0+ 0.72 93.0+ 0.60
C. 92.3+ 1.16 92,3+ 1.07 92.1+ 0.96 91.8+ 0.89 92.5% 0.85
Ex (uE/min) | E. 347+ 7.74 32,0+ 581 337+ 6.10 397+ 5.84 344+ 6,62
C. 36.6+ 8.97 36,6+ 807 36.9+ 7.49 37,64 7.71 36.7+ 7.07
Rx (%) E. 69.7+ 6.62 70,6+ 5.39 68.8+ 5.97 707+ 5.30 712+ 05.01
C. 69.5+ 7.20 68.9% 6.80 67.5+ 6.55 67.6% 6.35 702+ 557

Mean+ S.E. from 6 experiments. Abbreviations as shown in Table I, I and IIL
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